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sure productive working and the careful handling and maintenance of tractors by
the operators. For more efficient operation of tractors, a minimum of two workers
should be employed at the loading stations. This would enable the tying of hook to
the load in a shorter period of time, thereby minimizing any losses of time.

Persons not specialized in tractors operations should not be employed for
this purpose as tractors are expensive pieces of equipment and they cannot always
be immediately repaired on site.

The Forestry Operations Office must pay special care and attention in pro-
viding proper accommodation facilities to the works and meeting their food and to-
ols and equipment needs in order to enable them to work in a more secure and pro-
ductive way in field conditions. In order to prevent decrease in their efficiency and
to reduce fuel consumption, the maintenance of machinery must be performed ac-
cording to technical specification and in a timely manner. An adequate number of
spare parts should be maintained in order to prevent any loss of time in case of ur-
gent maintenance-repair works.
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BIODEGRADABLE OILS USED FOR SAW CHAIN LUBRICATION

Power saws require a relatively large amount of oil for their operation the reason be-
ing idle lubrication of the cutting chain. Oil leakages in the environment can result in soil
and water contamination and are known to impact both flora and fauna. Many countries in
Europe struggle to minimize the damage by imposing the use of biologically degradable
oils for these purposes. The work presents an assessment of these biologically degradable
oils from the viewpoint of their possible occurrence in environment and from the viewpo-
int of their technical characteristics which affect reliability and economy of working with
power saws. Oil dispersion is evaluated especially from the viewpoint of the concentration of
its occurrence on the soil surface after cutting with the power saw. Technical properties eval-
uated include heat-oxidation stability and pumping properties of oils at low temperatures.
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There are original methods of measurement developed for these purposes, which facilitate
high repeatability of results. The effort aims at oils with core technical parameters at least
comparable with mineral oils used so far, which would represent a lesser burden on natural
environment.

Keywords: forest technology, biodegradable oils, dispersion of oils, methods of oils
evaluation.
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Buxopucranns 0i0JI0OrYHO PO3LIENIIOBAHUX OJIMB ISl 3Ma3yBaHHS
JJAHIIIOTOBHUX ITHJ

EnepreTruni muiku moTpeOyrOTh MEBHOI KUTBKOCTI OJIUBU JJIs 3Ma3yBaHHSI Pi3ajIbHOTO
nanutora. [loTpamisHHs ONMBY B AOBKUUISL MOKE MPU3BECTH 0 3a0pyAHEHHS IPYHTY 1, SIK
HACITIZIOK, 0 HEraTUBHOTO BIUTUBY Ha (uopy 1 dayny. /s nmokpaiieHns cutyaiiii B 0arats-
0X KpaiHax €BpomnM pPeKOMEHIY€EThCS BUKOPHUCTOBYBATH O10JIOTTYHO PO3IMIEIUTIOBAHI OJIUBH
JUTS 3Ma3yBaHHS JIAHITIOTOBUX MWI. B po0OTI HAaBEIEHO OI[IHKY MOXJIHMBOTO 3a0pyIHEHHS
JOBKLUILIS B/l TIOTIAJJaHHS [IUX OJIMB Ta BIUTUBY X TEXHIUYHUX MapaMeTpiB HA HAIIHHICTH Ta
€KOHOMIYHICTh POOOTH €HEepPreTHUHuX NMuiok. Jlucnepcis onuBU BU3HA4Yanacs Micid ii mo-
TPAIUIIHHA Ha IPYHTOBY MoBepxHIO. CreliaabHO PO3pOOICHUMH METOJAMH OLIHIOBAIUCS
TEIJI0-OKUCIIIOBAJIbHA CTAOUIBHICTh Ta HarHITalbHA BIACTUBICTh OJMBH MPU HU3BKHUX TEMIIE-
patypax. BukoHaHi IOCHPKEHHsSI MaJld 3a METY BIJIIYKaTH O10JIOTTYHO PO3ILEILIIOBAHI, a
3HAYUTh €KOJIOTIYHO CIIPUIHSTIINBI, OJIMBU 3 TEXHIYHUMU MapamMeTpaMy HaHOLIbII OMU3bKU-
MU JI0 MiHEpaJIbHUX OJIUB, SIKI TTOKH 110 BUKOPUCTOBYIOTHCS B JIICOTMIISTHHI.

Karo4oBi cioBa: yicoBa TeXHOJIOTIS, 010JIOTIYHO PO3ILEIUIIOBAHI OJIMBH, JUCTIEPCIs
OJIMBU, METOJH OLIIHKH OJIMB.

Introduction

Forest machines use oils both for operational filling of their engines, gear-
boxes and hydraulic mechanisms, and for a so called idle lubrication of chain cut-
ting parts of power saws and other machines employed in timber felling.

Oil used for idle lubrication gets into forest environment directly and
completely. This oil is more or less evenly dispersed and it is oil dispersal that is
discussed in the first part of the paper. The second part is devoted to the issue of
lubricating capacities of these oils, their applicability at low temperatures and
polymerization which is one of frequent reasons of the failure in oil pumps and en-
tire cutting parts of machines.

Use of mineral oils for idle lubrication and as pressure fluids in hydraulic mec-
hanisms was prohibited in the Czech Republic by Forest Law (no. 289/1995 Gaz.).
This was why a number of firms carrying out logging operations in the forests had
to face sudden economic and technical problems the solution of which was contri-
buted to by works whose results are summarized in this paper.

The goal was to achieve a condition when the biologically degradable oils
have comparable technical parameters at adequate price. The requirement was
gradually best complied with by oils based on rape oil with additives ensuring that
all studied parameters are comparable with mineral oils and the risk of defects and
breakdowns is kept at a low level.

The issue called for detection, verification and development of own origi-
nal methods enabling a complex technical evaluation of oils. The issue of harmful
impact of oils on natural environment was studied in detail by many authors. Signi-
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ficant in this sense can be considered works dealing with the comparison of mine-
ral and rape oils, possibly of other vegetable oils, and with the testing of their bi-
ological degradability and some other technical properties (e.g. Battersby and Mor-
gan 1997; Wightman et al. 1999; Asadauskas, Perez and Duda 1997; Asadauskas
and Erhan 1999). Lauhanen et al., (2000) measured possible harmful effects of mi-
neral oils on forest environment in the course of several years and calculated that
for a motomanual felling of 200 cubic meters of Derbholz (timber to the top of
7cm over bark) per hectare a power saw will require 20 litres lubricating oil which
gets into the forest environment. In their study they focused on the detection of im-
pact of mineral, rape and tall oils on the transplants of forest tree species and on fo-
rest soil. They found out that the degradability of tall and rape oils is clearly faster
than that of mineral oils both in the laboratory experiments and in the field. Each
of oils (mineral and vegetable) applied at a dose of 32 tons per hectare caused
growth retardation up to increased mortality in Scotch pine (Pinus sylvestris) and
birch (Betula alba) while a dose of 20 litres per hectare did not result in any parti-
cular change. A dose over 32 tons oil per hectare resulted in the increased con-
centration of Fe and Zn in leaves of live transplants.

Oil dispersal in natural environment was studied and testing of oils for we-
ar of cutting part in power saws was made by the Department of Forest and Wood
Technology, Mendel University of Agriculture and Forestry (MZLU) in Brno in
the period 1988-1997 (e.g. Skoupy 1990; Skoupy, Ptibyl and Ulrich 1992; Skoupy
1995; Skoupy 2000). A total of 33 oils were tested for lubricating properties (of
these 4 mineral oils). Results of some oils were verified in pilot operation. The
tests revealed that from the viewpoint of operating suitability of vegetable oils it is
their heat-oxidation stability parameters that are decisive together with their pum-
ping properties at low temperatures.

This has been corroborated by Erhan and Asadauskas (2000). These aut-
hors make a general statement about lubricants based on vegetable oils being much
faster biologically degradable as compared with lubricants made of crude oil; their
other technical characteristics are however worse. Most critical appear to be their
oxidation stability and difficulties with their pumping at low temperatures. These
problems can be only partly mitigated by using lubrication additives.

Material and Method

Measuring oil dispersal

A radio-indicator method was developed to measure oil dispersal, which
makes it possible to do oil dispersion quantification immediately after cutting. The-
re was a total of 42 measurements made on spruce and beech cross-sections of di-
ameters varying from 10 to 30 cm with three oils of different viscosities. Measured
variables were absolute amount of oil on the soil surface, in sawdust and on wor-
ked timber. Formulations were expressed for mutual relations. Oil concentration
was measured on the soil surface under the point of cut.

Measuring applicability of oils at low temperatures

Having had tested and declined the method of KFW (Kuratorium fiir Wal-
darbeit und Forsttechnik)-draft standard ISO 3016 for classification of oil flowing
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property at low temperatures, an own method was developed which makes it pos-
sible to classify pumping capacity of oils and to define minimum applicable tempe-
rature to accuracy of 1 °C. Oil is pumped through a constriction hole at a defined
underpressure from a container in which it was temperated with the measured para-
meter being time required for pumping of 5 ml oil.

Measuring heat-oxidation stability — polymerization of oils

The KWF method of assessing heat-oxidation degradation (ageing) of oils
(draft ISO 3016) was found to be inapplicable, not giving repeatable and interpre-
table results. Therefore a method was developed in which the to-be-tested oil was
applied onto the testing bodies (fitted rollers with inserted pistons, H7/g5) whose
contact surface was 10 cm®. The number of ten testing bodies was then exposed to
a temperature of 80 °C for a time period of 168 hours with the following procedure
being the forcing-out of pistons from the rollers. Magnitude of strength required
for the failure of polymerized oil is measured by a strain gauge.

Results

Measuring oil dispersal

It was found out that oil is captured in sawdust at 55-85 % with 3-15 % of it
remaining on timber surface and 10-35 % getting onto the ground. Relative amount of
oil on the soil surface decreases with the increasing diameter of cut timber although —

as a matter of fact- the absolute values increase (see examples in Graphs 1 and 2).
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Figure 1. Dependence of oil weight on the diameter of spruce sample sawn

Average oil concentration on the soil surface grows with the increasing log
diameter reaching values ranging from 0.01 to 0.1 g-m™. Maximum concentration of
oil under the point of cut amounts to 0.05-0.65 g-m™, occurring on a spot whose sur-
face is several tens of square centimeters at maximum. A typical shape of oil stain
including measured concentrations is illustrated in Figure 3 with delineated positions
of the sawn sample and the power saw. Table 1 preceding Figure 3 presents actual
oil concentrations measured on individual measuring points on an area of 1x3 m.
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Figure 2. Relative distribution of OA M6A oil in sawing spruce, oil supply 6 ml-min’

It was found out by testing the same method of oil dispersal measurement
at felling that 75-77 % of oil were absorbed by sawdust, 7-13 % adhered to the sur-
face of cut timber, and 12-16 % got onto the soil surface. Average oil concentrati-
on on the soil surface ranged from 0.06 to 0.1 g-m >, maximum soil surface con-
centration did not reach 0.5 g-m .

Table 1. Oil concentrations measured on individual measuring
points on an area of 1x3 m

Species Spruce Air temperature (°C) 21

Diameter (cm) 29.5 Wind velocity (m.s™) 0

Moisture (%) 41.8 Weather half covered sky
Oil OA M6A Time of sawing (s) 10.2

Oil pomp set/up Stage No. 4 Oil total (9) 0.241

Oil concentration g.m *

A B C D E F G
12 0.046 0.051 0.047 0.044 0.043 0.041 0.032
11 0.053 0.063 0.063 0.065 0.061 0.056 0.041
10 0.069 0.087 0.092 0.092 0.075 0.063 0.048

0.081 0.116 0.124 0.150 0.095 0.077 0.051
0.090 0.152 0.179 0.176 0.137 0.100 0.060
0.099 0.193 0.258 0.321 0.188 0.128 0.065
0.068 0.147 0.233 0.575 0.301 0.214 0.095
0.080 0.141 0.186 0.270 0.207 0.117 0.062
0.062 0.086 0.099 0.109 0.091 0.077 0.050
0.050 0.067 0.065 0.065 0.062 0.055 0.041
0.044 0.030 0.054 0.052 0.049 0.044 0.037
0.039 0.045 0.047 0.050 0.046 0.038 0.034

=N W ph o N OO
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The radioindicator method was tested also at delimbing the trimmed tree.
Here it was found out that sawdust can absorb more than 50 % oil with about 15 %
oil remaining on the delimbed stem and 32-35 % oil getting onto the soil surface
(including slash). It was further found out during the measurement that some 0.5 %
of total oil gets onto the garments and shoes of the operator: in absolute amount it
was 0.1g after debranching a 6m long crown portion of spruce.

Of this amount 60 % of oil were detected on trousers, 24 % on right shoe
(up to ankle) and 8 % on left glove with the remaining oil being found on other
parts of operator's body surface. An amount of 0.001g oil was detected on the res-
pirator; of this amount some could have been inhaled. The amount is 50 ppm of to-
tal oil used for delimbing.

1]
G
— /// \\\ \\
el pd RN N -
/ AL AN ™ c
/ f/ | fkﬁf,\i& N I~ 5
L L \E- /—:// //:( .
\ \ \\/ Ll /! 5
\ \/ ol
N~ | AT | 7
f A
|
12 1 10 9 8 7 ({ 5 | 4 3 2 1
Legend: *—— | og position

[ Jooo-00s [ Joos-010 [Jo10-015 [Jo15-020 [[]o20-025 [ o25-030 [ o030-035
Bl os5-040 [llo40-045 [ o45-050 [ os0-055 [os5-060 gim’

Figure 3. Oil concentration on soil surface

Table 2 presents mean and maximum measured oil concentrations on the
soil surface by oil types and species with oil supply being adjusted at 2" degree,
1.e. ca. 6 ml oil per minute.

. . . . . 2
Table 2. Mean and maximum oil concentrations on soil surface in g-cm

Spruce OA M6A PRIMOL QUAKER

Diameter] Mean Max. Mean Max. Mean Max.
10cm 0.024 0.187 0.061 0.351 0.015 0.111
15cm 0.039 0.302 0.062 0.408 0.021 0.114
20cm 0.022 0.110 0.107 0.540 0.025 0173
25cm 0.044 0.237 0.084 0.458 0.025 0.146
30cm 0.055 0.352 0.100 0.669 0.055 0.293

Beech OA MBA PRIMOL. QUAKER |
Diameter] Mean Max. Mean Max. Mean Max.

10cm | 0.012 | 0.061 0.060 [ 0429 | 0.025 | 0.182
15cm | 0.023 | 0.192 | 0.062 | 0.410 | 0.031 0.142
20cm | 0044 | 0282 | 0.088 | 0.380 | 0.025 | 0.169
25cm | 0.041 0384 | 0.088 | 0.630 | 0.030 | 0.191
30cm | 0.070 | 0.614 | 0.073 | 0.369 | 0.036 | 0.289
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Evaluation of applicability of oils at low temperatures

Oil was pumped under a pressure of 13 kPa. There were 5 series of measu-
rements made for each oil with the temperature of cooled oil gradually increasing.
All series had measurements repeated at least ten times within a temperature range
from -25 °C to +2 °C.

The course of time required for oil pumping as depending on oil temperatu-
re was fitted with hyperbolic functions of which the following shape complied best
with all oils:

X

a+bx’

Pumping capacity limit for the use of oils at low temperatures was determi-
ned so that the pump must suck in at least 5 ml oil in 60 seconds under a defined
underpressure. The method of evaluation of the measured dependences clearly fol-
lows out from Figure 4 with an example of one of the tested vegetable oils whose
limiting temperature for pumping is —15 °C. A total number of oils tested was 19,
of these two mineral. It was demonstrated that the limiting temperature for pum-
ping all tested oils was below —5 °C. Four of these oils can be safely used at tempe-
ratures reaching —20 °C. Differences between the limiting temperature determined
in our experiments and limiting temperature declared by manufacturer were in so-
me cases greater even by 15 °C — at all times to the detriment of oil.
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Figure 4. Determination of pumping capacity limit in a sample of vegetable oil

Evaluation of thermal-oxidation stability — polymerization of oils

There were 10 types of oil (see Figure 5) of which two were mineral (OA
M6A and CHAIN OIL SUMMER), one was a special blend of biodegradable and
partly mineral oil (ECOLUBE CUT 80P) and 7 were biologically degradable oils.
With respect to friction which can be responsible for a considerable distortion of
results, the measurements were at all times made with the fresh oil first and then
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with the polymerized oil. Results presented are differences between the two me-
asured values. The limiting force required to disengage the testing piston from the
cylinder or the magnitude of stress induced by oil polymerization has not been de-
termined so far. To do so, it will be necessary to consult the issue with manufactu-
rers of power saws. The value should be set up in such a way that the oil pump do-
es not suffer any breakdown or another loss of proper functionality in consequence
of oil polymerization and this will depend both on the design of the oil pump and
on materials used in the gear mechanism to drive the pump.

Figure 5 presents the results of measurements after statistic elimination of

gross errors by using the Grubbs test.
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Figure 5. Results from the measurement of forces required for the failure of polymerized oils

Discussion

It is possible to make a statement that oil concentration on forest soil surfa-
ce at normal work with the chain power saw in the stand cannot reach values that
could have a significant impact on the soil flora and fauna. Neither it is possible to
speak of any influence on timber production. Contamination of waters, groundwa-
ter in particular comes into consideration at these concentrations only in the case of
concentrated oil leakages or spills. More serious contamination of water threatens
only in water-logged soils or at cutting timber right above the water surface.

The author assumes however that the use of biodegradable oils such as ve-
getable oils can be advised for spring areas, spa forests, etc. In all other cases it is
logical to require that the technical properties of biodegradable oils are at least on
the level of special mineral oils and that it is also their price that could be compa-
rable. Only then the oils can be a real contribution.

The methods of measuring applicability (pumping capacity) of oils at low
temperatures and their thermal-oxidation stability based on the comparison of mec-
hanical variables give a very good repeatability of results which are well interpretab-
le. The provided information is therefore fitted for direct practical use and is consi-
dered more suitable than other methods proposed for the international standard.
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Conclusion

The radioisotope method is applicable in practical use, fast and relatively
low-cost. It can be recommended at all places where accurate values of oil distribu-
tion in the environment and oil concentration on the soil surface are required. After
a relatively extensive verification of the method it is possible to claim that oil con-
centration on the soil surface resulting from oil dispersal from the cutting part of
power saw is 0.5 g per m”at maximum. Sawdust absorbs 75-77 % oil, 7-13 % oil
remains on the surface of cut timber, and 12-16 % oil gets onto the soil surface.

As to the classification of applicability of oils at low temperatures and eval-
uation of their thermal-oxidation stability the author claims that the procedures
contained in the draft [SO standard do not give applicable results. The method for
determination of pumping capacity of oils has been widely tested and provides sta-
tistically significant results which are well applicable in practical use.

The method for evaluation of thermal-oxidation changes of oils is promi-
sing; nevertheless, it is to be further perfected and tested.
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